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Al-Ad Goth}^arisan of ap vt3lucs for all	 13.3 VV
IOOk itri^l @^ OVer f i elds	 ^ -6,	 reapeCt ively .
A?-Al2 Cam):trisott O f	 tap	 Y aluva	 tar	 ttll	 ^ .^	 tlH
100 :tllk;lCti	 aver	 fielcla	 I- 6,	 re^l)el't lVl► ^Y.
A13-A1 >3 t:ompariscatt	 a!	 a^	 v:tlttt^s	 far	 :tll	 l,h	 11V
look	 uttt,ltts	 aver•	t.ieids	 1 -d,	 res}+ Net ivt^ly.
Al g -AZQ 'i'he^	 rrintion	 hetwac^n	 13.3	 (;tt^ -1^'V	 wcatter-
itt^	 rouilit: ie`nt	 troll	 valuute^tric	 ^ai1	 mai::-
ture	 !'ar	 fielcl^	 1-d,	 re p })c>ctivt^l}',	 (^+°
t imo	 a4`r.ies. )
AZ5-A3t1 'the	 rel :ttiatt	 Uetwt^att	 13 . 3	 l^klM - V1'	 *r;tttt^r-
tttE;	 Cat` ItlClettt	 :ttlll	 Va11i111t`[rlr	 tiutl	 lt1a1S°
turn	 !or	 tic`tda	 l-ii,	 respc^irtively.	 {2ll°
time`	 aeriea. }
Ail-A3d '1'ltc^	 eel :ttiatt	 between	 l.d	 Gklx-tlti	 :tntl	 lllr'
^rattt`t• itt^;	 rac• ft- icic• ttt	 :tnd	 valtuttrtrir
p ail
	
ntaistttrc► 	far	 fit` l.ls	 I-t+,	 rt`^ } + c•l'
ttvt:lY.	 (5°	 ttmt`	 ^t' rtrti.l
A3'-A42 't'ltt`	 rt` latiatt	 hc` twe^en	 l.fi	 lFki«-lltl	 :tall	 kIV
srattrt• ittt;	 rut* ffici^`nt	 ttnll	 vulutnt`trir
.uil	 moisture	 far	 fit•llls	 1 -a,	 rt`^})er-
t ivel>•.	 l^t}a	 time	 serir^, )
A43-AS p kelatian	 hrtwt+ e► n	 13 . 3	 (^H^-VV	 aritttet•an};
cutjf f it it^ttt 	 :tttcl	 va .lumetric	 jai l	 mai ^ture
;t t.	 5,	 ltl,	 l5,	 Wit),	 ^5,	 3U,	 35,	 QD	 tlt^i,rc`e
lank	 :ut},1es,	 res})ortivel^'.
A51-A5a Reltttiutt hctwvc►n	 l.d GHz - Htl scnttcrin^
r.oe.tfirie^nt	 ntul vulumc; trio	 nail	 tnc^i.ture
ttt	 5.	 I(1,	 l5,	 .'.tl,	 25,	 3Q,	 :^^+.	 Ql)	 dc`^ree
1 aak	 att}; I t+^ ,	 t'r s})t`r^ t i ve l y.
A541 - Add lit` 1:tti l)n 	 bt' tweett	 l.t+	 1+klz - kiV	 ti rutt t` t•int;
rue# 1'iriettt	 ;tall	 valtttttt`trir	 sai 1	 tno±^tttre
:tt	 S,	 IU,	 l5,	 ^(},	 ^:'+,	 3U,	 3^*,	 =1 i1	 ll t`l; t•re
lau>,	 :tn^;ll`^, 	 rr^l)t`itivrly.
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Pll<^tSU1211+l^NT Q^ SUI1. hlt7IS'1`l1Rl: 1'RE:N1aS
Wt^'H AIRRURNCi SCA'1"t'IiRQAII.•;'l`t^ttS
1lACKCRQUNtJ ANI1 013.1^CTIYIiS
13uek fr^ound
'1'rttrk maurtted ttet.ive m .ieruw:tve S ►• ^tc'm:: c^pertttt^^l
Iiy tht^ University ut KA11^tt^
e ltotentit^l far mva^uremettt
with :Iirbornc active mi^;row
}^^?'-lntt'ttt 1G'^U^ta ti^tit) tihQw
aCtivt' mllt'czwit^'C rk`Ltlrtt tlt{Cl
pt*r.ietic:t^d over tl^;ricultltral
hllvt^ su^rttsstully clemon::tr: ► ted
Ut valunlet ric so il moi^tlirc'
;tve aystc^uls .	 '1'ht' t t`uCt. t`x -
ttlt` :tlt^;lllar t'ff`E'Ct1 (^tl ttlt•
the t`fft+ cts ^^f r^ett^;}lttt^^s c+ x-
ltlnd .
Thv clifterc^neQS itt ;lctxve microw:tvt` return ^ltlt`
t0 Ctlangeti In lollk tttl^;lt► :II't! most? si^tlif 'tc.`int ±I t heal'
nitdir fool` ttnglr^w.
	 I^itfert`nces ^ltle tc^ rou};tuu`ss he4amr
morn si},nifictlnt tl^ tllt^ look anglt^, l^ittl rc+ sl,c^rt to tlit^lir+
1t1Ct'R`i#at?5. 	 The l'hittt^yc` itl 1't` ttlt'tt,^lut` t0 loon ;tlt^; lt' t111tt
1•auAt:ttk^ss,ratl he rt^lativel ►' irtrl;t` itl m;t^;nitticlt` in cc^ml ► ,lr-
ison to ttic^ ^liCfc+ rant't^^ }^ro^lu^c+^l h^' rh:ttz^;ill^ ::c^i 1 mui^ttsrt•.
At some loak a tl^;1C tol` k` :till w :t ►'t` lt`ll^tll ttlt`t't` i^ ;l tlplllt
whtera aftc^rt t^F t•aul;htu• ss on the nlicrowavt^ is tl ;^l inimul^l.
'Phis paint. occurs ut rc+ l:ltively n^^:tl • ;trt};}c`s wt ► c`rc` tllt^ul:tl'
t`tfGCi y att rttt. tlrtt llru si}; tti t i^ :ttlt .	 I f wt` ;lrt^ t^, mit l i^lt i ^t`
tlll? it1^^UVt1C^ of t'Otl ;^ tlflc• •^, tht`tt it l't)11^t .9llt ttll^; lt` i lp;il;t't'
Koultl tae rer} aired tc^ rl Tulin :tte tht• itlt lut`n^t` a^1' all^;tllat•
tliCfrrt^nt:+t,s,	 li:Irdwart' of this natal• :• i^ .^c►n^rl^t u all^•
J11^i^_1JJ1117.1.
t^a^^h.lt3 but i^ ntat rtaw r^vtlzlahl^.
Arttath^r ^!t@ra^th to tha nt^aa^uratualtt of +ai 1
ruQi^t^tra with r^^t iva micrul^ttve +a'^tc^ur^ r^ 11 tze^ ttlzl#!c^ it
w^ chQ^cern Uttr:^^lvra^ t^ith t^ri;at^ wh+^l• r t`uu^;h.tl^::a r^urairl,
^attxtttttt,	 It i;` in th.ia ^auteat that thi<;z ,^tu#t^' wzt+ ttrt#lar,
tttkan.	 lt^r e^@N^att^cl ah^+at •vrtt cart cat ! iafcl:: wtlt^t• i+ rc^u^;lutrk•
t'^tr►tlirl^ 4anr+tant, tha t'att^htte+^ v^ri^hla ^h#^ul#! t+^ rlt^t•n::► ^
^I^ p^l ^ttt#t tha tt#^t.iva trritt• ul^:lvr^ rr^tuYtl Waal ►t tlla rl hr
tEr^i,NUCt^nt art nail lttalatttra, lauk ^nl;la ^rl#t w: ► t^t^lc^ :t^;ttr c+f
th+^ q^+tlacyr.
:1t tha tiara this ^tuzl^` wrls i llit i;ttN#t tttt'^c+ ;ti t t\'c'^
urirraw^va ^i• ►Itt^at'czutatat• ^ l^c^rr ruwtultc^zt #q tr Eha ^i.1:+:1 c'1^tr
►Iirat'^ft .	 1t wa y l^ralz#z^a#t that tha.c^ 4^rt•4^t • . w ►at11#t tzt^
c^lzartltaa avvr tlal#ta in thcz t; r^:u^ rivet' allttl4• ial l^1:lirr
wharru till ►t^;a r^a^ 1. 4'' +tt• i^tazl tc^ !+1• c+vrrtt ^tr;ttil;cs ^ ire rz^ul;t ►
rt+^. ^ .
t^hivrtiva;a
'1'hd ^+hit^l`[^Yt^:# #^t' th1:: c^tfz+1' t ►ic`t't+ t` Ir+t tzz
►tdltrptl^t.C:ttri tha fd;ls:tt+il ia#' Pt^ 1z t+t ;lirrill^ ;1rt t`tit ^rtt,:tr #+t^
vUltl pi['•'tl'i^ +l^ il 111P1`^tlll'tj t+^' t1^t` #+t .`111 :11t`t+#s t'llt^ ;t^[1^`t'
ruirraHUlr^+ +}`^trur•.	 :►;^^c+re.tty, r~ti^ i+l.rnnc^+i t^+ .tc^trrnttrlc> i t'
a t setrc' ++^ria^ #^f a^ t ivt^ ttri#•r<^>,^vr t`c► ttre• ti .#zt1^.t he? rt>1atc^.t
to ^h^ttt;r,+^ ilt •c^i 1 tn4+i^tttt • r i t` r^+ll.;hrtr y ^: w;► ^ hrizl c• c► tltit:atii .
tL^1'1',1 ^Ullhl't ^ .1Nlt !'httl't:ti^ 1 Nt^
^itt^ :► r• lc+ .^ t (Url :trt#t 1't'P^?^t;;lt i«r1
'	 r1 c;rrlas'stl ;trail t^c^t` tlla ^^#^llr#'t+#+tr z+t	 ttc+ l.t ►i:lt.1
e
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for this experiment was selected by observing drying con-
ditions on bare fields from a low flying aircraft. After
selection of two possible locations where the soils wore
relatively uniform, owners were contacted to determine if
the sites could be left untitled for a two month period
and if permission would be granted to collect soil samples.
The final site selected represents two types of
soil profiles representative of the 13ra.os River bottom-
lands. Qne flight line has three fields with heavy clay
soils throughout the profile. The second flight Iine is
near the river bank and has a topsail of sandy clay Iaam
to a depth of approximately 18 cm. Soils below that depth
along this flight line are heavy clay.
Selected fields {three on each line) wore marked
and sample points were flagged in each field. Plastic
paint markers ware annotated with the field and point
number to avoid error in marking samples. Samples were
collected according to the experiment plan (Figure i) with
one exception on a day when the fields were near satura-
tion. The rumple network was reduced by excluding alter-
nate points where deep samples (below l5 cm.) were being
collected,
Soil Moisture Sam^^1e and Aata Processing
^^ravimetric and hulk density samples wire callectect
in hat drink cups, sealed with plastic, and covered with
snap-on lids. Samples were transported to the l^^hor.^tory
3
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-^-	 Seven soil moisture sample locations; five samples each
(0-1	 on,	 1-2 cm, Z-5 cm, S-9 cm, 9-15 cm).
p	 Twelve soi] moisture sample locations; eight samples each
(0-1	 cm ► 1-2 cm, 2-5 em, 5-9 cm, 9-15 cm, 0-15 em,
15-30 cry , 30 -45 em}.
----	 --- 
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OF POOR QUALITY
and immediately weighed, prying was accantplisltrcl by use
of microwave ovens to speed processing.
The sampling was generally of good LlualiLy.
Hawever^ when a sample tv^ts suspect ^ the data wrrc ctcict^^^t
or flaKged. All weights were , punched an card dr^ks and
sail moisture content by volume was calculatrd far cant
sample, A card deck was then produced wltrr^ the sam;ales
in each profile were recarata an a single y ard, l7ata
were then examined for erratic values and high standard
deviations. Standard deviation at sail moisturr an fie.l.l
five far the fourth flight was higlti at all depths. 'l'hc
soil moisture averages far individual fields rcl^resetttrtl
a relatively bread range when oonsidt^rin}; the surface layet•s.
petper layers below S cm. dit3 not vary significantly during
the period of measurement . 1'ltrse data, thcr^-fore y clo tzt^t
provide a reliable basis for testing tttc sensitivity Ut
longer wavelength microwave respattsc to maisturr at the
lower depths. The soil moisture clat;t usr^i for corrrlatiot^
to the Is.3 GNP scattcrom^ter (Ap;?cndix Tat^lt^ 11 eflntc
entirely Pram the top 1 cm. soil s;tntplrs, tiflil ntotsttire
data used far correlation with the l.b sc;ttterometer
returns (Appendix Tablrs ? and ^) :tre aver:tgcs ot: the vulur•s
measured in the tap ^ ctn. of tote soi 1 sttt • t^;a^r .
5c;,tt tcrameter ll:;ta E'raCCtisltlg
A total +nf sevtin individual :tireraft missions
were (lawn over thr selr^tr.l ficld^. 	 ltt all ittst;ttt.rs
5
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the 13.3 GHz and 1.6 GHz scatterometers appeared to be
operating propexly. There was some au.estion as tv t}ie
validity of the ,4 Gllz scatterflmeter operation, However,
the data were recorded on all flights,
In mid-February 1977, cheek-out of the software
systems required to digitize data from aircraft PCM tapes
	 '
onto 9-txack computer compatible magnetic tapes was com-
pleted and installed on the Remote Sensing Center library 	 •
disk at the TAMU Data Processing Center. The first data
t{k
set was processed for use in determinist; scale factorG
	 ^a
required to overlay the data on photo-mosaics of fields 	 `
where soil moisture experiments were heist; conducted.
By studying the correlation of 56 combinations
of plotted data with the photographic mosaics of the flikl3t
F-
line, best frequency and look angles to use for registering
data to the flight line (and thin time) were selected. 	 ^	 •'
.,
T3ie combined plot of -5° and -15° look angles of the 15.3 	 ^r'^ •i
GHz vertically polarized data was considered must useful 	 ^ ^
for registration with known ground features such as watt^r
'	
4	 ibodies, railroads anal forested areas. 	 =	 i
7
Pack of the seven sets of scatteromctcr data 	 ,'
r
y
was processe3 and matched such that an average return for
each field an each set was calculated. The resulting i-+^^-
turns for eight look angles on bath the 13.3 Gilz azut l,b G41z	 " i
systems are Moth listed in 'i'ables 1, ^, zind 3 of tlic :^
Il^^pc;itclix,	 t;aiisi^irrahle averaging t^1' botlti tl^r, soi.f
moisture attd the scattering cue3'ficicnt 1^as t^t'Gd•^ . ston e to
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arrive at these values. The processing of both types
	 ^^
,
of data used relatively independent samples to acquire the
averages, therefore less samples were averaged for the
	 V	 ,
a
1.6 GHz system.	 ^
ANALYSIS AND DISCUSSION
Assessment of Data ^ual_^ty
Gravimetric sampling of soil moisture is the
most reliable technique for determining soil moisture at
shallow depths for a specific point. The normal collec-
^	 ^:
tion and processing of these samples along with the unccr-
tainties concext^ing the spatial variations of surface 2
moisture can produce large variance in the samples used
j
F
to calculate field averages. For this experiment, even 	 t-=
,^^
though some samples had been eliminated due to obvious 	 ,j
sample collection error, a further effort was made tr improve
	 + `^
the estimate of field averages by eliminating points that 	 ^
a
i
fell more than one standard deviation from the mean ral-	 :^'
culated for all points in a field. This technique assumsrs
outliers are truly an error, which may not always be the
case. In all instances more points were used for field
averages than have been available in prior aircraft
experimentfs.
The aircraft scatterometer data available i'ur
this study was the first extensive set of data ay.til.^hlc
l'nr ctikitul t^rocessing to a o v,^luc• s.	 'Cl^crcforc, .tn •^ rtcn-
save effort wus made to insure that the dii,ital values slid
7
r^pra^c►rtt a rc^a;zattatsld rrturtt that wcs ►tici !sr ^+^}sc+^ trc! ! t•ssni
ihr a^attrrntn^t^r ^^^yte^nt:c. 	 A t It'::t y tals Itt Ise• isrc+^,ite^; thr^c>
data is vl^ual #tt^i»^ti+^n at tts^ ^#sc►rtt^ttut ut' titt3 t • aa ^lrtttt.
Natt y esf tha t 11^ht^ 1 ► t• aciuce►cl ct:ttet that wrt^ ,4u.l^^,r ►1 :t, t•f+
liatsl^ frattt tt ►v .^ c^lir ^yKtatt+,	 rlat^cs rr^c►nt ► +^vrtit I^;at iutt
of tha ^y^t^tn dl^rin+c+^l tt nia4.t' ► tttt t ic^t► in ^^ttr {s^.st •, i^stt csi' thr
ltartlwttr^.	 Itt tltl^ ;;tctcly c► t► lr' thr l^.:t till: tttt^l 1 , t+ t,11:. .I;tt:t
wdrr^ uy c^d lt► tltc^ f ittal ^tualv::l^,	 ^ tiunun:tr ►' .si' ;tl 1 l+a,; i^
data use►^i i+ lara;►antrcl it ► 7`alslr^ 1 , ^ . :tt ► .1 ,i ^^!' t hc+ :tl+l+c^tti^l+ ^ ,
1111 •^ettte► ratne? trt • aiv^*rrt^;r rc+t ► tt • ts^: !'ur rtt^^iti 1'ir1^!
wc► r^ platted v^t• su^ the► lctcsl, an^;1r tc► vrrt t^^ th;tt rrturtt
de► ^ re► a^hd wi ih in4 rt^ua ittt; ;utglc► ;: 1 rc► ttt aat^! s r . 	 '1'ttc+rr i ^ t ► ^+
ral #ahla ws,^• :tt the► Isrv^^nt tc^ Ittcll4rttct whc+th:+t • +^r ttc ► t
tttr mal;n 1 tueie^ i:: cart • a4 t , tit ►t^: wr c• :ttstt ►►t ^^:tt• t ttc + n ►'r e • ct 1 1
^^^^tuttt ►: ttrc► 4alihrtttud,	 !^ il;ut'c^, ^, i, at:+l ^ ^ l l ►t^t r:ttr
ttte► r^tttrnw rrre+ivac! an y avan Clil;htti uvc► 3' t ► rl.l tvuiathc^c n,
I^iAur^► a cif tlti^ t►atura tre y 1► ra,c► tttN^l ^ ►► r rtll ^:ix t"1t+1 ►1^,
#ti t!►^ itppandlx.
1^ur itt^ tl ►e+ fall of l!^7n ttrr:tttt:c+wrt ► t y !► ;tsl hrrtt
made wl.i1 ► the► fartn Uwtte► t^ t ►► Ic+:tvr thc+ i' ► c^1^1 •; ^1i^1` r^1 :rtt+l
tsarh a^ tlte^4 wc;rc► un Nc^vNtulsc+r IRth,	 tttt thc+ 1;t+t sl:ttc• the
t ^rlds we+r y f loan, itt ^luty c+ ^► C thc+ t`c,l lc►►^ It ►t; •.ummrr, t^ it 1^1-.
1,	 ru►e! :t wHr y i=:antc+cl tcs ::k► i1 ► t• uw ^:^sttcstt, i.r, tt^^+ rc+t^^
of ^attutt ttttd twa resw^ cst` fttlluw krutttt^l, wltl lr t tc • 1^1r• •1, ',,
uttc! n wa ►•^ l+tatttad tcs tnttl^c+.	 X111 flricl^ ltict ►1 r^►w^ 1► ;tt•:t11c•1
tcs the fl t^;ttt l lttr,
l^l^ure► ^ w, 1, :tt ►.l ^ tttisli.• :ttr that the+t• r t^:t^
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considerable influence from the vegetation at ^rnglas near
nadir rnd at angles beyond 25 degrees, V@rtical distribu-
tion of the data points at such look angle represents the
range of influence on the scattering caofficic^nt o^
produced by differences in soil moisture. A cursory ex^m-
ination of these figures indicates the l.fi CNz system hod
a greater range of returns than the 13.5 t;llr system.
They also indicate that the range was greater g'er tho like
pnlari^ed {HH) 1.B GWz than for the cross palurized (NV)
l.b GHz when looking near nadir, while this r^► lotion
reversed when looking at angles greater the+n 20° from nadir.
Time Series Plats
Sequential flights over such field we► re exz;mined
by platting the data in the form Shawn in figures 5, o, 7
and 8. In general the response aver bur g ground fallc^ws
the trends of the soil moisture ut all :rn^;les. When all
fields are considered it becomes obvious t1r:► t the veget.h-
tian on tho holds at the timw of the last t'light c.uuses
a roversal in the trend when loakitrg in the ne: ► r nadir
angle. Nate in figure S, far 13.3 t+Hz ut :r look :rn^;la of
1U°, and in rigors b far 1.6 t+Hx .;t a iaak .rnhlc• of 5°,
the change from measurement d to 7 is invorsc to the
change in sail moisturo. In figures o uncl !+ 1^ath £reclt:errr ies
at a look anglo of twenty dc^grces^ l^radur^^ ;r respansc• tlz,rt
changes in the same direction as the sail maistt^re, Prior
investigations !rave indicated that steep :urgl^!s were hest
L•^
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for penetration of vegetation contrary to indications in
these data. Figures illustrating the remaining data can
be found in the appendix.
Simple Correlation of Data
Figure 9 illustrates the simple correlation of
all data collected with the I3.3 GHz scatterometer over
the six fields at a Iaok angle of twenty degrees. The
line on this figure and all similar figures represents
a best fit straight Tine based on bare ground data. Fields
1, 2 and 3 were in cotton on the last flight d:ate, and
fields 4, 5 and b were in maize. The soil moisture in
the skip row cotton was considerable less than the moisture
in the maize fields. However, at this look angle little
or no effect from the crop is evident.
In Figures 10a, 1Bb, and I4c, the vegetated
fields produce returns that migrate from too law at five
degrees look angle to too high for a look angle of forty
degrees. Again, the returns at twenty degrees look angle
are compatible with data from bare ground. When using the
cross polarized (HV} 1.b GHz data, Figure 11, it apUeaxs
that a twenty degree 1001: angle is too great. To get good
agreement with the bare ground data using the cross polar-
ized return, the data indicates that a look angle near
ten degrees would be mare useful.
Best fit lines representing all eight Iook angles
far each of *he three channels of data are shown in
17
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Figures 12, 13, and l4. The slopes of these lines and tho
^;_
coefficient of determination for each .line are listed In
Tables ^ and 5 of the appendix. The slope is greater far
the tike polarized l.6 GNz aystem than fc^r either the
13.3 GHz system or the Dross polarized 1.b GHx systant t^t
each look angle. This would indicate that the Seasat-A
imaging radar system should be relatively sensitive
to differences in near surface soil moisturs;. These clef:^
indicate that a range of ^c1U can he expectacl in Seasat - A
data far the full range of soil moisture in the tole two
centimeters with lithe influence from crops.
The coefficient of determination. lt^, wus cal-
culated far each look angle-trequency combination {Apl^en-
dix, Table 5j. Rare ground values were used to develop
this table. Development of a useful application of the
measurement will require sensing both bare ana vegetate,^c!
surfaces. Another calculation of K^ values was mane with
the vegetated fields included. '1`ho results are illustrf^ted
an Figure l5, where all three channels of datti are rel^-
resented. It is evident that fifteen degrees look t^n^le^
appears optimum for the 13.3 i►Hz trc*yuenry when corrr^l:^t.^^l
with the tvp one centimeter of loll. 'l`wN^^ty de^;rec^w Iuul^
ani;le seems most upproprit^ie !or the 1 .f^ l^liz 1 ikt^ l^c^lt^r-
ized system when correlutcd with the tali two cent imetc^:•^
of soil.
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CONCLUSIONS
(1) Significant influence due to differences
in soil moisture ran be detected in the 13.3 GHz and 1.5
GHz scatterometer returns.
(2) Repeated looks at surfaces that maintain
constant roughness can provide an esti,,;;^:re of soil mois-
.,+^
Lure in the surface when appropriate radar look angles are
used.
{3) Effects of normal crop densities have little
influence on the estimate of surface soil moisture when
appropriate look angles are used. it appears that dif-
ferent look angles are optimum for different frequencies
to avoid effects from vegetation.
(4) Considering the frequency and look angles
used on the 5easat-A imaging radar differences in soil
moisture should produce as much as 9db difference in
return an that system.
{5) The scatter in data due to both the ground
measurement of soil moisture and radar return will make
it difficult to determine more than three discrete lcv^ls
of soil moisture with good reliability even wl^en rough-
ness is held constant.
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Appendix A
^ ^^
Table Ai. 13.3 GHz-W Scattering Coefficient [Ta) at Each
Look Angle on Each Date for Fields l-6.
Field Volumetric
Date No. H2O Content
	
5° 10° 15° 2U° 25° 30° 350 4°0'O
10-18-76 4 0.07 13.1 4.0 -1.0
-4.b -7.5 -	 9.9 -ll.$ -13.5
10-Z0-7b 4 0.18 I3.9 b.0 1.3 -2.5 -5.6 -	 R.4 -11.0 -13.2
10-22-7b 4 O.li 10.6 3.9 -I.0 -4.b -7.b -I0.1 -12.1 -14.1
10-26-7b 4 0.22 15.3 5.3 0.0 -3.6 -b .4 - 8.0 -10.5 -1x.2
I1-10-7b 4 D.07 10.0 2.3 -2.S -5.9 -8.5 -10.5 -12.5 -14.1
1I-12-7b 4 0.08 9.0 2.S -2.0 -5.4 -8.0 -I0.4 -12.5 -14.4
b-2I-77 4 0.24 4.6 2.0 -0.5 -2.b -4.6 - b.S -	 8.0 - 9.8
IO-18-7b 5 0.07 12.5 2.5 -2.5 -b.0 -8.4 -10.4 -12.2 -13.9
10-20-76 5 0.15 I1.8 b.l 1.8 -2.0 -5.1 -	 8.I -I0.9 -13,5
10-22-7b 5 0.11 10.7 3.4 -1.2 -4.9 -7.8 -10.3 -12.6 -14.4
10-26-76 S 0.20 13.0 5.0 0.0 -3.b -b.2 -	 8.b -10.b -12.5
1I-10-76 5 0.06 b.0 i.S -2.0 -5.4 -8.I -10.b -13.0 -15.0
1i-12-7b 5 0.08 11.0 2.b -2.5 -b.0 -8.7 -11.1 -13.2 -15.1
6-Z1-77 5 0.17 2.5 '.4 -1.9 -3.9 -5.b -	 7.4 -	 9.4 -10.5
10-18-76 6 0.10 i0.5 2.0 -3.0 -b.4 -8.8 -I0.9 -i2.5 -13.6
10-20-7b b 0.14 15.5 7.d 2.2 -1.5 -4.3 - b.9 - 9.1 -11.3
10-22-7b b 0.13 I0.5 2.0 -2.6 -5.0 -8.5 -10.5 -I2.3 -13.7
ZO-2b-7b 6 0.21 I3.5 5.7 0.9 -2.7 -5.5 -	 7.9 -10.0 -11.9
11-10-76 b 0.08 10.0 2.8 -2.0 -5.5 -8.4 -10.9 -12.2 -15.3
I1-12-76 6 0.09 10.5 2.5 -2.5 -6.3 -9.5 -12.3 -15.0 -17.2
4-21-77 5 0.18 3.0 0.0 -2.4 -4.0 -s.2 -	 5.1 -	 7.0 -	 7.b
'r. i	 ' `
Table A1. 13.3 GHz -VV Scattering Coefficient ( TQ^ at Each
Look Angle on Each Date for Fields 1-6.
Field Volumetric
Date No, H2O Conte*it 5° 10 ° 15° 20° 25 ° 30°^ 35° 40°
IO-18-7b 1 0.21 16.0 6.5 1.I -2.7 -	 5.9 -	 8.4 -10.6 -12.7
10-2(f-7b 1 0..3I I5.9 7.9 2.$ -1.2 - 4.5 -	 ?.6 -10.4 -12.8
10-2Z-7b 1 0.25 I^.S 5.4 O.D -3.9 -	 b.9 - 9.4 -11.5 -13.5
IO-26-76 1 0.34 18.1 6.0 0.5 -3.3 - b.5 -	 9.D -11.3 -13.4
1I-10-76 i 0.13 7.1 0.0 -4.5 -7.9 -10.4 -12.5 -14.1 -15.8
11-12-7b 1 0.0'9 11.5 1.0 -4.D -7.6 -1D.5 -12.5 -14.5 -16.1
b-21-77 1 0.07 6.0 1.0 -2.b -5.4 -	 7.4 -	 8.6 -10.0 -11.D
10-18-76 2 0.25 18.5 7.b 1.4 -2.5 -	 5.4 -	 8.2 -10.5 -12.5
10-20-7b 2 0.31 20.0 8.0 2.5 -1.5 -	 4.6 -	 7.4 - 9.b -11.8
^„	 10-22-76 2 D.30 18.0 6.0 0.5 -3.2 -	 6.2 -	 8.7 -10.4 -12.9
^	 IO-2b-76 2 0.33 17.0 7.5 2.0 -2.0 -	 5.4 -	 8.4 -11.1 -13.b
11-10-7b 2 0.09 ll.b 4.0 -I.0 -4.7 -	 7.b -10.1 -12.5 -14.4
i1-12-76 2 D.10 13.1 3.0 -2.6 -6.5 -	 9.6 -12.4 -14.6 -16.9
6-21-77 2 0.06 6,5 1.5 -Z.0 -4.9 -	 b.9 -	 8.5 -10.0 -11.4
10-18-76 3 0.19 19.2 b.5 0.6 -3.3 -	 6,5 -	 Q.0 -11.3 -13.0
10-20-76 3 X1.29 15.5 7.0 1.6 -2.0 -	 5.0 -	 7.6 -IO.I -12.3
10-22-76 3 0.26 19.5 6.9 0.0 -3.9 -	 f^.b -	 8.6 -10.5 -12.4
10-26-7b 3 0.30 I6.5 b.0 0.4 -3.5 -	 b.4 -	 8.9 -11.1 -13.0
11-IO-76 3 0.0'9 18.0 5.0 -1.0 -5.5 -	 8.5 -11.4 -14.0 -1b.3
11-12-76 3 0.0'9 8.4 0.5 -4.4 -8.0 -10.9 -13.5 -16.D -18.0
6-21-77 3 0.95 7.4 1.5 -2.1 -5.0 -	 ^^9 -	 8.1 -	 9.1 -10.0
'.
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Table A2.l.^i GHz-HH Scattering Coeff^.cient (To} at Each
Eook Angle an Each Date for Fields 1-5.
Field Volumetric
Date Esc. H^0 Content S° 10° 15° 2d° 25° 30° 35° 4d°
1D- 1$ -76 i 0.245 16.6 6.5 0.5 -3.5 -	 5.7 -	 9.9 -12.5 -15.0
10-20-76 1 0.315 18.15 11.4 5.6 d.5 -	 3.7 -	 7.9 -11.$ -15.5
10-22-76 1 0.265 15.5 4.5 -1,5 -5.7 -	 9.3 -12.5 -15.4 -17.9
1d-25-75 1 0.335 1b.6 5.3 -0.6 -4.8 -	 8,1 -11.1 -13.5 -15.I
11-1d-75 1 0.180 10.4 1.2 -4.5 -8,4 -11.5 -14.5 -17.d -19.4
11-12-76 I 0.145 9.5 2.5 -2.1 -6 ,U -	 9.4 -12.4 -15.0 -17.5
6-21-77 1 0,120 3.1 -I.fi -5.2 -8.0 -10.1 -12.2 -14.0 -15.5
10-18-7b 2 0.260 19.5 9,0 0,8 -3.S -	 6.d -	 9,8 -13.1 -16.4
10-20-76 2 0.315 2.0.9 10.5 4.6 0.0 -	 3.8 -	 7.4 -10,5 -13.3
10-22-76 2 0,295 18.0 7.9 1.8 -3.2 -	 7.5 -11.5 -15.0 -18.3
10-26-76 2 0.325 15.1 6.5 0.6 -3.6 -	 7,d -10.1 -13,0 -15.5
11-10-76 2 0.155 15.5 5.0 O.n -4,5 -	 8.5 -1.2.2 -15.5 -18.5
11-12-75 2 0,160 16.0 6.0 0,0 - 4,0 -	 7,5 - 10.5 -13.b -16.1
6-21-77 2 ^J.130 2.6 -2,4 -6.0 -8.5 -10.5 -32.2 -13.7 -15.0
10-18-76 3 0.225 18.5 9,0 2.6 -2,5 -	 5.9 -10.7 -13.8 -19.5
10-20-76 3 9.290 20.0 10.0 4.1 -0.5 -	 4.5 -	 8.1 -11.4 -14.4
^^	 10-22-75 3 0.260 17.6 8.3 1.9 -3.5 -	 8.3 -12.6 -1f► ,8 -20.5
1n-26-75 3 9.295 19.2 7.3 1.f^ -3.S -	 7.fl -10.4 -13.4 -15.9
11-10-Ifs 3 9.150 16,f^ 6.11 -^1.5 -5.1 -	 9.5 -13.4 -17,0 -20.5
11-12-76 3 0.135 15.5 5.9 0.0 -4.5 -	 8.6 -12.5 -i5,6 -I8,7
6-21-77 3 0.105 7,4 0.4 -4.Q -7.5 -^	 9.9 -11.9 -13.5 -i5.1
...
.,..	 -,.	 .
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Table A2, 1.6 GHz-HH Mattering Coefficient { Tv) at Each
Look Angle on Each Date far Fields 1-6.
W
^:
Field Volumetric
Date
	 ^^_ No. H 2O Content 5° 10° 15° 2'0° 25° 30° 35° 40°
10-18-1b 4 0.175 10.9 2.5 -?..8 -	 fi.7 -10.0 -13.0 -15.4 -17.6
10-20-7b 4 0.255 17,0 9,0 3.5 -	 0.3 -	 3.fi -	 6.6 -	 9.4 -11.8
lU-2Z-7f^ 4 0.190 8.5 0,6 -4.4 -	 8.3 -11.8 -15.0 -17.3 -2.0.4
10-26-7F 4 0.270 17.0 7.3 1.5 -	 2.3 -	 F► .4 -	 9.E - I2.6 - 15.3
lI-IO-7b 4 0.085 5.5 -1.0 -5.3 -	 8.5 -11.4 -13.9 -16.0 -1$.0
11-12- 7ti 4 0,10© 8.5 1.5 -3.1 -	 7,U -10.3 -13.4 -16.1 -1$.6
b-21-7b 4 4.255 4.I -0.5 -3.8 -	 6.0 -	 7.b -	 9.0 -1(1.0 -10.6
10-18-76 S 0.165 9.2 0.6 -3.6 -	 7.4 -1U.5 -13.5 -16.b -20.2
10-20-76 5 0.240 15.11 8.3 2.9 -	 1.9 -	 b,2 -10.0 -I3.5 -17.0
10-22-76 5 0.190 10.7 - 0,5 -b.4 -10.5 -13.7 -i6.b -19.4 -21.8
10-Zb-76 5 0.250 14.0 4.0 -^..8 -	 5.9 -	 9,3 -12.5 -15.1 -17.6
11-^0-7b 5 0.085 5.6 -0.8 -5.5 -	 9,5 -13.3 -16.8 -19.9 -22.9
11-1:-76 5 0.110 9.0 1.7 -3.0 -	 7.0 -10,5 -13.8 -1b.8 -19.5
6-ZI-'i7 5 0.200 1,0 -1.3 -3.4 -	 5.0 -	 6,; -	 8,0 -	 9.4 -10.5
10-18-76 6 0.205 10.5 2.1 -3,0 -	 6.9 -10.0 -12.7 -15.0 -17.4
10-20-76 6 0.235 1$.0 8.1 2.4 -	 1.9 -	 5,3 -	 8.4 -11.1 -13.6
1(1 = 22-76 6 0.210 7,8 -0.5 -5.7 -	 9.6 -12.3 -15,6 -18.2 -2U.5
10-26-76 6 0.270 12.5 4.1 -1.0 -	 5.0 -	 8.6 -12.0 -15.0 -17.7
11 - 10 - 76 b 0.095 6.S -I.0 -6.0 -10.0 -13,5 -16.4 -19.0 -21.5
11-12-7b 6 0.130 9.6 2.2 -3.0 -	 7,1 -11.0 -14.2 -17.4 -2'0.0
6-2I-77 6 0,2]S 2.0 -0.5 -2,5 -	 4.5 -	 6.1 -	 7.6 -	 9.1 -10,6
Ta^^s]^: 1-..'.. l.f^ rFiz-FfV ^catterin^ CaFf£aci^nt l'I.} at ^^ch
i.^ak sir^^l^ on Each F]at^ fir ^i^13s 1-b.
^'1 <<:^ '1^1^sm^stri^
Uatf lir,, Fi .fj	 f'^^ritcr^t 3° ifj` ]5"' 2^j° 2§° 3^j^ ^^^ 4fj^
] f^ -1 r, - 7fj 1 fa.24:. -	 :..Fi -].1.7 -15.7 -1r5.k -21.^ -23.7 -"la" . 4 -27.f)
l^s-Z fs-7 f, 1 ^^. ;]z -	 %.5 -	 8.i -]3 .9 -14.k -17.1 -1^.1 -2f3.fs -22.rj
1`s-22-I ts 1 f^.2^,5 -	 7.f^ -I4.1 -18.F^ -7.1..5 -23.5 -25.3 -27.`1 -2^i.{,
l ss-2^}-7 Fi 1 f1.?^.7 -	 F^.2 -]2.^1 -1:^.^ -lk.^ -Zf1.5 -21.^ -23.1 -24.1
11- 1^i -7^^ 1 ^s.l^rj -11.7 -1{^.4 -19.r -2`L.Fs -25.5 -27.f, -2^,7 -31.^i
11 -1L-7{s 1 ^i. i'^a -	 7.	 , -13.3 -17.] -lf'. f^ -22.4 - 24.f1 -Za.7 -L7.2
F,-21-77 ] [1.12f1 -1':.fs -17.7 -l^,^s -21.1 -2Z. "a -23.3 -24.11 -24.5
l^s - 3k-7 1, 't ^3.2f.fs -	 ^^.; -12.Q -7F^.1 -]r.3 -21.1 -23.:5 - G;.2 - 27.f1
]^s - 2^1-7^, 2 rs.315 -	 ';.^. -	 ^^.5 -13.5 - 1F^.2 - ]%i.3 - ij.7 -2]..0 "1.t1- 2
1^^-22-7 f^ 2 ^s.2`!5 -	 :..5 -12.8 -17.3 -2^^.:. - 23.2 - 25,4 - 27.2 "Lk.'^-
^ 	 1^^-2f^-7F^ "G ^1.'"LS -	 :..5 -11.1 -1.:5.1 -1k.] -2fi.5 -22. f, -24.a -2fi.1
i1-1^^ - 7^i 2 f^.1:.5 -	 '^,F, -14.5 -1^.fs -23.^s -23.5 -2:^. €i -27.5 -2^f.3
s'^	 11-1.2-7f. 2 ^1.1.^,^J -	 7.2 -1'.1 -1,7.1 -2^}.fJ -2Z.2 -24.fs -25.a -27.^i
^.-21-77 2 {s.l",^! -13.^s -3..2 -].7.] -1^.5 -21.2 -2i .5 -2G.5 -23.5
1 ^-11-7°, 3 •s.225 -	 F,.=. -1K.4 -1 E,.j -1's.; -22.1 -24.^j -2...5 - 2 {s.7
i`s - 2 t,_7 a . ';."G'^^1 -	 ',.l -lfJ.4 -l;.,i _17.} :+';.k -1'^. r^ -2^1, Fi -22.f)
l^s-22- 7 f, fi. 2f.fs -	 {,.^i -]3.1 -17,7 -"G1.^. -23.5 -2:;.i -27,7 -2j.?
G^. - 7^,.t>- `s.2a:. -	 Fs.2 -12.1 -lr..^^ J%.k -2^1.F 22	 z -Z3.F^ -24.7
11 - 1 f^ - 7 f, .'. fs.1::^1 -	 %S.4 -14.4 -]^.: - 2]. - 24., - "L Es.^ - 2%:.r - 3^J.$
is-1`L	 7f, 3 ^;.i'a -	 ^.'r -? i	 r} '17.F^ -2^>'.^. -22.^j -24.7 - `1f^. 4 -27.7
^.-G1-77 .', ^..I^sa -1 ^.2 - 1fi.^^ - 1%;.ti -1 .^^.7 -Z].? -22.f, -23. Fi -24.f.
.. 
_ .^_ r.......,...,.E:, ^_^,^.^,..,	 _	 r. _ .
-	 ^^>,	 iii"
-=_. .. ,
	 .
.- .^	 _.
^.
	
^.^
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Table A3. 1.6 GHz -HV Scattering Coefficient {Tod at Each
Look Angle an Each Date for Fields 1-6.
Field Volumetric
Date No. H 0' Content 5° 10 ° 15°' 2'0° 25° - 30'O '	 ^ ^35°' 40°
10-18-Tb 4 0.175 -10.5 -16.5 -2.0.2 -23.0 -25.1 -2b.8 -2'8.3 -29.4
10-20-7b 4 0.255 -	 4.5 -	 9.5 -i3.0 -15.5 -17.5 -19.0 -20.4 -2i.5
1D-22-7b 4 0.190 -	 7.1 -15.1 -20.0 -23.3 -26.0 -2$.0 -2.9.9 -31.5
10-26-7b 4 0.270 -	 5.5 -11.5 -15.b -18.4 -20.b -22.2 -23.6 -25.x►
i1-10-76 4 0.0$5 -13.D -18.0 -21.5 -24.1 -2b.Z -27.9 -29.4 -30.5
11-12-76 4 0.100 -	 7.0 -13.5 -i7.7 -20.9 '-23.4 -25.5 -27.4 -29.0
6-21-77 4 0.255 -11.0 -13.5 -15.5 =17.4 -18.4 -19.5 -20.4 -2'.0.1
10-18-7b 5 0.165 -10.8 -17.9 -21.0 -23.3 -25.2 -27.0 -28.7 -30.7
10-2D-7b 5 0.24.0 -	 3.2 -	 9.9 -13.8 -ib.4 -18.0 -19.3 -2.0.5 -21.b
1D-22-7G 5 0,190 -11.1 -17.6 -21.b -24.5 -26.5 -28.0 -2'9.3 -30.3
lfl-2E-76 5 0.250 - b.0 -13.7 -18.1 -21.0 -23.1 -25.0 -27.0 -29.0
11-1D-76 5 0.085 -14.5 -18.5 -z1.9 -24.6 -27.0 -29.5 -3i.5 -33.3
v:	 11-12-7b 5 0.110 -	 7.0 -13.3 -i?.5 -20.5 -23.0 -25.i -27.D -28.6
^'^	 b-21-77 5 0.20.0 -12.1 -14.2 -1b.0 -17.4 -18.5 -19.5 -20.5 -21.0
10-18-76 b 0.205 -11.D -lb.b --20.1 -23.0 -25.1 -26.$ -28.0 -29.4
10-20-7b b 0.235 -	 3.9 -10.1 -14.0 -1b.5 -18.2 -19.4 -ZO.b -21.9
10-22-7b b 0.210 -10.2 -1b.7 -21,1 -24.3 -25.9 -29.1 -31.2 -3:3.0
10-26-7b b 0.270 -	 7.0 -13.0 -17.1 -20.1 -22.5 -24.4 -2ti.1 -27.7
11-10-76 b D.D95 -12.5 -18.1 -22.1 -25.0 -27.Z -29.C^ -ra.5 -31.7
11-IZ-7b b 0.130 - 5.7 -13.0 -17.1 -20.4 -22.9 -25.D -27.0 -2'9.0
b-21-77 b 0.215 -11.9 -14.0 -15.5 -17.0 -18.0 -19.0 -19.9 -2D.6
^.
table A4. Sloppe of best fit atraipht lines in scattering coefficient versus voluwstsic
Boil noieture plots for each frequency and look angle. (db /gay/cc)
Frequency
	 Polarisation	 400k Angle
S • 	10•	 1S'	 20'	 2S'	 30'	 3S'	 40'
13.3 GHt W 31.02 19.9A 17.75 15.34 14.01 13.02 12,D4 10.99
l.b GHi tYl 47.40 35.76 30,15 27,44 2b.53 24.53 22.84 21.46
l.A GIl^ HV Ip.30 25.03 23.14 24.32 25.45 26.79 24.43 29.41
Tabl• A5. R= values of ecattering coefficient versus volussetric soil •oietura
plate for each Frequency •nd leak angle.
Look Angle ___ ^
Frequency Polarisation
S'	 10'	 1S'	 20'	 2S'	 30' IS'	 40'_
,,
,
13.3 Gll^t YV O.SO4	 0.637	 O.SS9	 0.542	 O.SIi	 0.497 0.454	 0.318
^.
l.b GHi NH 0.603	 4.513	 0.477	 0.471	 0.491	 0.402 0.131	 0.385 :.
1.0 GHt IIY 0.497	 0,459	 0.433	 0.433	 0.434	 0.417 0.421	 0.413
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Figure A33. The Relation Between l.6 GHz - HH and HV Scattering
Coefficient (ua} and Volumetric Soil Moisture for
Field 3 far the Series of Seven Flights (Disked Bore
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CiFurc A3 q , The Relation Between 1 . 6 GHz - FEH and HV Scattering
Coef..f.icicn = (oo) and Volumetric Soil Moisture for
Fiel^E 4 for the Series of Seven Flights ( Dis^Ced Bare
Ground on the First Six Flights and Vegetated on the
Final Flight).
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Figure A35. The Relation Between l.6 GHz -HH and HV Scattering
Coefficient {o o } and Volumetric Soil Moisture for
Field S for the Series of Seven Flights (Disked Bare
Ground on the First Six Flights and Vegetated an the
Final Flight).
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Figure A36. The Relation Between 1.6 GHz-H!^ and HV Scattering
Coefficient (oo) and Volumetric Soil Moisture for
l^i,ald ti For the Series of Seven flights (Diskca Rare
Ground an the First Six Flights and Vegetated on the
Final Flight).
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Figure A37. The Relation Between 1.6 GHz-HH and HV Scattering
Coefficient (cs 4 ) and Volumetric Soil Moisture for
Field 1 for the Series of Seven Flights (Disked Bare
Ground on the First Six Flights and Vegetated on the
Final Flight).
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Figure A38. The Relation Between l.5 GHz- HH and HV Scattering
Coefficient (oa) and Volumetric Soil Moisture far
field 2 for the Series of Seven Flights (Risked Bare
Ground on the First Six flights and Vegetated on the
final Flight) .
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Figure A39. The Relation Between l . b GHz - HH and HV Scattering
-	 Coefficient (aa) and Volumetric Soil Moisture for
Field ^ far the Series of Seven Flights (Disked Bare
Ground on the First Six Flights and Vegetated an the
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